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INTRODUCTION 
Mutations provide the basic source of genetic variability, 
and their nature, rate and frequency of occurrence have a 
major influence on the evolutionary pathway of living organ­
isms, The discovery of physical and chemical mutagens, to­
gether with an understanding of their modes of action on germ-
plasm, has provided a tool to plant scientists for inducing 
mutations for improving crop cultivars. 
In spite of the fact that the whole spectrum of induced 
mutants probably are present in natural populations (Nybon, 
1958, 1959» 1962, as cited by Hagberg and Person, I968), muta­
tion induction has proved to be a source of practical genetic 
variability. The pragmatic importance of mutation breeding 
is exemplified by the 49 "induced mutant crop cultivars" 
released for commercial production to date, Sigurbjornsson 
(I97O). 
Most of the mutation breeding work has been concentrated 
upon traits that are simply inherited and where the mutation 
effect on the plant phenotype is large. However, Gaul (1964) 
has written extensively about the role of beneficial micro-
mutations in plant improvement. As he conceives the role of 
micromutations, they would be mutational events with small 
effect on the phenotype. Such mutations would be prime can­
didates for improving quantitative traits, such as seed yield, 
without disturbing the major part of the genotypic or 
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phenotypic architecture of a crop plant. 
In this study, I have attempted to assess the potential 
role of induced mutations for improving grain yield in oats 
through a straight selection program in mutagen-derived popu­
lations. Already, Frey (I968) has proven that induced genetic 
variability for quantitative traits in this species is heri­
table, that induced micromutations occur and that good experi­
mental techniques are readily available with oats. More 
specifically, my objectives were; 
(1) to measure the amount and kind of genetic variability 
induced for grain yield in oats through mutagen 
treatment, 
(2) to determine whether induced mutation frequency and 
direction are functions of the treated genotypes, 
(3) to relate the induced genetic variation to the 
micromutation concept, and 
(4) to assess the degree of association of mutations for 
yield with mutations for 100-seed weight and/or 
heading date. 
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REVIEW OF LITERATURE 
A justification for using induced mutations in oat 
breeding is the limited genetic variability within and among 
lines of Avena sativa and A. byzantina, the commonly culti­
vated species of oats. Conceivably, mutation breeding could 
expand the spectra and amounts of genetic variation in culti­
vated oats. 
According to Gaul (I965), an induced mutation falls into 
one of two classes based upon its phenotypic effect; (a) macro-
mutation where the mutant effect can be detected in an indi­
vidual plant and (b) micromutation where the mutant effect can 
be detected only by observing or measuring a group of plants. 
Micromutations can affect the phenotype of a mutant plant, 
but ideally, a mutant would resemble its parent cultivar as 
nearly as possible while being divergent for production traits. 
Probably, as suggested by Gregory (I966), micromutations 
occur more frequently than macromutations and, also, they 
would not produce reduced vitality as is so common with 
macromutants. He showed that types and spectrum of mutations 
in peanuts would fit "Fisher's Adaptation Sphere", so that the 
probability of trait improvement from an induced mutation 
approached O.5 as the mutational effect became exceedingly 
small. Therefore, micromutations would seem to be useful 
for direct selection and propagation. 
Apparently, Gregory (1955) was the first to report micro-
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mutations when he showed the reduced mean yield for normal 
appearing progenies from irradiated peanuts. Gustafsson and 
Gadd (1965) reported that mutagen-derived clones of Ipomea 
batatas with no variant phenotypic characteristics produced 
variable yields. 
The frequency of superior producing mutant lines is 
variable but, at best, it is low. In peanuts, Gregory (1957) 
reported one superior mutant from each $00 to 1000 M2 "normal" 
mutant plants. Likewise, Rawlings et al, (1958) found similar 
results in two soybean varieties treated with X-rays. Gaul 
et al. (1969), from an extensive study of micromutations for 
yield in Mg to progenies of barley, concluded that the 
micromutation technique could be used for continuous improve­
ment of yield of superior cultivars; on the average, one 
micromutant in 1000 had yielding capacity 10 percent greater 
than the mother cultivar. 
Hidden induced genetic variation for yield from thermal 
neutron (TN) treatment was released via outcrossing by Prey 
(1969)» Of the 49 "induced mutant" crop cultivars released for 
commercial production to date (Sigurbjomsson and Nlcke, I969, 
as cited by Prey, I97I), 18 carry the notation of "higher yield­
ing" « However, some of the yield superiority reported for mu­
tant cultivars may be due to non-yield mutations. For example. 
Prey (1955) isolated superior yielding mutant lines from X-
rayed Huron oats, but the yield improvemsnt resulted from 
induced mutations for stem rust resistance, Pallas barley 
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cultivar is an example of improvement of lodging resistance 
and earliness with maintenance of high yielding ability of the 
mother strain (Gustafsson, 1963)» Putsuhara (I968), by gamma 
irradiation, produced Reimei rice variety which has increased 
lodging resistance but no yield improvement. An interesting 
case was reported by Swaminathan (I969) when he described the 
properties of Aruna, a TN-mutant castorbean cultivar with 
50 percent superior yield. This superiority was due to the 
earliness of the mutant which enabled it to take advantage of 
the rainy season. Scarascia (I968) irradiated Capelli durum 
wheat cultivar, and from the derived population selected the 
mutant cultivars, Castelporziano and Castelfusano, that have 
shorter culms, better standing ability, and higher produc­
tivity. 
Bogyo et al. (I969) reported that two mutant derived 
durum wheat lines, ITO6 and ITO9, when tested in 1? countries, 
had reduced plant height, lodging resistance and superior 
yield to Capelli cultivar. 
Obviously, mutagens can cause induced genetic variation 
via both micro- and macromutations, but to be useful in plant 
improvement, the induced mutations must cause phenotypic ex­
pression to expand in the direction in which improvement is 
sought. 
Gregory (1955) found that the total genetic variance for 
yield among randomly chosen normal plants from mutagen-
derived populations of peanuts was four times greater than in 
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the control progenies, and this expanded variation permitted 
him to select lines which outyielded the control. Bawlings 
et al. (I958) reported that genetic variance for yield in two 
irradiated soybean cultivars was five times larger than that 
in the controls, but the increased variability was largely in 
the negative direction. According to Oka et al. (1958)» 
X-raying rice seeds produced equivalent variability in both 
plus and minus directions for plant height and heading date 
without altering the means of these traits. Also, Sakai sind 
Suzuki (1964) selected for mutants with polygene systems in 
rice, and they were successful in increasing genetic variation, 
but most mutants were unidirectional and regressive, Williams 
and Hanway (I96I) increased genetic variability for oil and 
protein content in soybeans, and Papa et al, (I96I) made 
genetic advances from selection for most quantitative traits 
in this species. Working with oats, Krull and Prey (196I) 
found that TN radiation induced heritable genetic variation 
for the quantitative characters seed weight, plant height and 
maturity that was comparable in magnitude and distribution to 
the variability created by hybridization. Khadr (1964) also 
found that variability induced by TN in oats was equally as 
heritable and useful as natural variability. In contrast, 
Abrams and Prey (1964) found that induced mutants for heading 
date and plant height in oats were always later and shorter, 
respectively, Gaul (I965) reported variances for grain yield 
in mutagen-derived barley populations in two experiments were 
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increased twofold over the checks, but all mutant lines were 
lower yielding. However, in two other experiments, some 
mutants surpassed the highest control lines. Later, Gaul 
et al. (1969) reported that mutant selections for improved 
yield have been verified. Dumanovic et al. (I969) selected 
mutant wheat lines that were 10 percent higher yielding 
than the non-treated variety 013. 
From a review of the literature dealing with mutation 
breeding for quantitative characters, Brock (I965) concluded 
that the degree of symmetry of induced mutations and the 
direction of shift of the mean, if any, depends on the pre­
vious selection history of the character. The more highly 
selected or adaptive the character, the greater the shift in 
the mean, the greater the asymmetry of the mutation distribu­
tion and the less the real progress that can be achieved by 
subsequent selection. 
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MATERIALS AND METHODS 
Production of the Populations 
The preparation of materials for my study was designed 
to provide samples of oat lines derived from seeds that were 
either treated or not treated with a mutagen. The source 
genotypes were 16 oat cultivars which represented a wide 
range of genetic backgrounds (Table 1), Nine were hexaploid 
cultivars selected in the midwest and generally adapted to 
Iowa, namely, Burnett, Clintland, Garland, Goodfield, Marion, 
O'Brien, Orbit, Richland and Tippecanoe; five were selected 
in other regions, namely, Bacata^, Bingham, Colombia^, Curt, 
and Victorgrain; one was a tetraploid, Precoz^; and one was a 
diploid, Saia. 
Production of mutant populations 
For oats. X-rays (Stadler, 1930; Gustafsson, 1944; 
Froier, 1946; MacKey, 1954; Prey, 1955; Abrams and Frey, 
1958; Gonzalez and Frey, 1959; Koo, I962), gamma radiation 
(Wallace, 1954), ultraviolet light (Leunden and Wallace, I96I), 
and thermal neutrons (TN)(Krull and Frey, I96I; Koo, I962) 
have proven to be effective mutagens, Abrams and Frey (1964), 
in a study with 3 mutagens, TN, P^2 ethyl methanesulfonate 
(EMS), on oats, concluded that TN and EMS both were effective. 
^Varieties and(or) lines developed in Colombia, South 
America. 
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Table 1, Numbers of Mp-derived and check lines tested for 
each of the 16 oat cultivars 
Number of 
C.I, Mg-derlved Number of 
Cultivar number lines check lines 
Bacata 
— 31 31 
Bingham 7588 26 26 
Burnett 6537 100 100 
Clintland 6701 85 85 
Colombia — —  100 100 
Curt 7424 69 69 
Garland 7453 100 100 
Goodfield 7266 74 74 
Marion 3247 60 60 
O'Brien 8174 49 49 
Orbit 7811 85 85 
Precoz 
— 75 75 
Richland 787 100 100 
8a ia 7010 23 23 
Tippecanoe 7680 64 64 
Victorgrain 7125 100 100 
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but that EMS was more easily applied in a mutation breeding 
program. When TN and EMS were used recurrently and alter­
nately as mutagens, Joshi and Prey (I967) found genetic 
variances from EMS ranged larger by 12S% for 100-seed weight 
to 35% for heading date than those from TN. Prom experiments 
using seedling survival and height reduction as measurement 
criteria in oats, Abrams (I963) concluded that the concentra­
tion of EMS and immersion interval most suitable for varia­
bility induction were 0.12M and 4 hours, respectively. 
Based upon these data from previous investigations, I 
chose to use EMS to create mutant populations. A random 
sample of 300 dehulled primary seeds from a cultivar were 
presoaked for I5 minutes in distillated water and treated, 
by immersion in a 0,12 M solution of EMS, for four hours. 
After treatment, the seeds were rinsed in tap water and 
planted in 10-cm pots, five seeds per pot, in the greenhouse 
during the 1968-69 winter. The percentage of germination was 
high and the plants grew well. At flowering time, plants from 
a cultivar were moved to a glass house where no other oat 
plants were growing, so as to prevent cross-pollination among 
cultivars. When mature, the tip spikelet of each plant was 
harvested. This stratified sample was used since mutation 
frequency may be associated with the position of a spikelet 
on the panicle, and tip spikelets bear the highest mutation 
frequency according to Gaul (I96I), Sarvella et al. (I962) and 
Swaminathan (196I). Most often the tip spikelet bore only a 
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primary seed. All plants that did not produce seed at the 
top spikelet were eliminated as source material. 
The M2 seeds (those harvested from greenhouse grown 
plants) were space-planted in the field in summer I969 for 
selection and propagation to M2-derived lines. The M2 plants 
derived from one cultivar were sown 30 cm apart in a long row 
and the rows with different cultivars were spaced 75 cm apart. 
This spacing between rows permitted mechanical weed control 
and reduced the opportunity of intercultivar crossing. During 
the growing season, N2 plants were subjected to selection for 
appearance"; i.e., chlorophyll-deficient plants, dwarfs, etc., 
were discarded, and only those plants that appeared identical 
to the original parent cultivar were saved for future study. 
Each "normal" M2 plant was harvested individually and threshed 
to provide an M2-derived line. 
After cleaning of the threshed seeds, lines that had 15O 
or more seeds were selected for use in my 1970 evaluation ex­
periments. The M2-derived lines for a given cultivar formed 
a mutant population, and such Mg-derived lines will be called 
mutants hereinafter. After selection and culling, the I6 cul-
tivars were represented by populations that varied from 23 to 
127 M2-derived lines. The actual numbers of mutants tested 
for the mutant populations from the I6 cultivar s are reported 
in Table 1. 
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Production of check populations 
The check populations were intended to provide bases 
against which to measure the genetic variabilities for grain 
yield induced by the mutagen treatment. Each cultivar provided 
a check for the mutant population derived from it. A check 
population was obtained by space-sowing a random sample of 300 
untreated seeds from a cultivar in a long row in the field in 
summer 1969* Intra- and inter-row spacing for checks and 
mutant populations were Identical. At maturity, plants were 
harvested and threshed individually, and each plant that 
yielded 150 or more seeds was considered an eligible check 
line* For each cultivar, more check than mutant lines were 
available for the evaluation experiment. 
Field Evaluation Experiments 
The 2 populations, i.e., mutant and check, from a cultivar 
were compared in an experiment, so I conducted l6 experiments. 
Each experiment, with equal numbers of check and mutant lines, 
was sown in a randomized block design with five replicates. A 
plot was a hill sown with 30 seeds and the hills were spaced 
30 cm apart in perpendicular directions. Competition for plots 
adjacent to the border was supplied by surrounding each ex­
periment with 2 rows of hill plots. All 16 experiments were 
sown on April 8, 1970, on an area of highly fertile Clarion-
Webster soil at the Agronomy Field Research Center near Ames, 
Iowa. Prior to sowing, the whole experimental area was 
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fertilized with 200 kg/ha of 5-20-10 analysis fertilizer. The 
plants were sprayed with Zineb^ at weekly intervals from 
anthesis to maturity to eliminate possible confounding effects 
in grain yield caused by foliar diseases. The traits I 
measured were heading date, grain yield and weight per 100 
seeds. Heading date (measured on 2 replicates) was recorded 
for a plot when 50^ of the panicles were completely emerged. 
Grain yield (measured on 5 replicates) was the weight of grain 
threshed from a plot. Seed weight (measured on 3 replicates) 
was measured on a 100-seed sample from a plot. All data were 
transferred to punch cards for derandomization and computations 
necessary for the analyses of variance and phenotypic and 
genetic correlations. Frequency distributions, means and 
variances for the M2-derived and check line populations from 
a cultivar were used to detect the direction and magnitude 
of genetic variability induced by the mutagen treatment. 
^Zineb is a common name of zinc ethylenebis-
dithio carbamate, 
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RESULTS 
Coefficients of Variation 
The coefficients of variation (C.V.) for grain yield, 
100-seed weight and heading date obtained for the l6 culti-
vars are presented in Table 2. They indicate that the pre­
cisions of my experiments were adequate. Mean C.V. for grain 
yield was 17.3 percent which compares favorably with the 19*8 
percent reported by Prey (I965) for hill plots. 
The C.V.*s for grain yield were very uniform with the ex­
ception of Saia which had a C.V. of 32.1 percent. For 100-
seed weight, the average C.V. was 4-.45 which is less than the 
7.8 and 5*4 percent reported by Joshi (I967) and Gonzalez 
(1964), respectively. 
Grain Yield 
The model for the analysis of variance computed for each 
trait-cultivar combination is given in Table 3. For purposes 
of testing mean squares for significance, populations were 
considered as fixed whereas lines within populations were 
considered as random. The pertinent mean squares from the 
analyses of variance for grain yields of the 16 oat cultivars 
are presented in Table 4. The mean square for "check vs. 
mutant populations" was significant at the 1% level for all 
but two cultivars, Bingham, which showed significance at the 
5^ level, and Colombia, which did not produce significance. 
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Table 2. Coefficients of variation for yield grain, 100-seed 
weight and heading date measured for 16 oat cultivars 
Experi- Grain 100-seed Heading 
ment no, Cultivar yield weight date 
Com Belt 
89 Burnett 14.9 3.5 11.2 
84 Clintland 15.0 4.3 10.0 
87 Garland 13.5 3.3 12.6 
91 Goodfield 15.0 2.1 7.1 
93 Marion 18.1 4.1 9.2 
85 O'Brien 17.6 3.3 9.1 
92 Orbit 15.5 3.4 6.7 
82 Richland 14.4 13.0 7.6 
90 Tippecanoe 17.6 3.5 34.9 
Average 15.7 ^.5 12.0 
Non Com Belt 
88 Bacata 17.4 5.8 22.2 
95 Bingham 17.7 5.2 3.4 
86 Colombia 19.8 3.5 4.7 
94 Curt 16.7 3.8 3.3 
83 Victorgrain 14.9 3.6 6.7 
Average 17.3 4.4 8.1 
Non hexaploids 
81 Precoz (tetraploid)l6.4 4.6 10.5 
96 Saia (diploid) 32.1 4.0 3.3 
General average 17.3 4.4 10.2 
For all 15 cultivars the significance "between populations mean 
square was generated by a reduced mean grain yield for the 
mutant population (Tablo 6 )« 
The mean squares for "lines within check population" 
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Table 3» Model for the analysis of variance 
trait-cultivar combination 
used for each 
Source of variation 
Degrees of 
freedom 
Expected 
mean squares 
Among replications r - 1 
Between lines 1 - 1  
Checks vs. mutants 1 
Lines within checks (1/2) - 1 
Lines within mutants (1/2) - 1 + rag(m)^ 
Error (r - 1)(1 - 1) ,^2 
Total (r 1) - 1 
•were significant at the 1^ level for 14 cultivars and at the 
5^ level for 2. These results indicate that the so-called 
pure-line oat cultivars with which I started my study did not 
represent genotypically homogeneous stocks for grain yield. 
Even though the concept of genotypic homogeneity within pure-
line cultivars of self-fertilizing crops is a subjective one, 
it is rather unnerving to find significant within-cultivar 
variation for yield for all cultivars. The yield differences 
among lines within a cultivar were subtle because no visual 
phenotypic differences were apparent among check lines. These 
data suggest the possibility of exploiting intra-pure-line 
variations to improve grain yields in oats. 
For lines within mutant populations, the mean squares 
Table 4, Mean squares from the analyses of variance for grain yield for the 16 
oat cultlvars 
Within populations 
Check vs. mutagt Checks Mutants 
populations— Degrees of Mean Degrees of Mean 
Cultlvars Mean squares freedom squares freedom squares 
Com Belt 
Burnett 6279.3** 99 69. 99 150.1** 
Cllntland 758.6** 84 51. 8** 84 86.5** 
Garland 1661.5** 99 45. 3** 99 118.0** 
Goodfleld 13854.4** 73 31. 5#* 73 178.4** 
Marlon 6092.9** 59 p. 4* 59 189.8** 
O'Brien 7912.2** 48 (5. 1»* 48 151.1** 
Orbit 515.6** 84 65. 3** 84 108.5** 
Richland 3378.2** 99 37. 3** 99 120.2** 
Tippecanoe 11928.1** 63 68. 6** 63 158.4** 
Non Com Belt 
Bacata 1300.7** 30 71. 2** 30 258.9** 
Bingham 292.8* 25 119. 11-*# 25 158,5** 
Colombia 51.5 99 24. 9*# 99 44.6** 
Curt 2415,5** 68 46. 0** 68 88.9** 
Vlctorgraln 5465.3** 99 76. 1** 99 263.6** 
Non hexaplold 
Precoz 176,6** 74 21. ,2** 74 39.1** 
Sala 7235.2** 22 107. .3* 22 243.5** 
®One degree of freedom for each cultlvar. 
* and ** will denote significance at the 5 and 1 percent levels, respectively. 
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Table $. Genotyplc components of variances for grain yield 
from mutant and check populations for 16 oat culti-
vars and the level of significance of the F ratio 
for mutant mean square divided by check mean square 
Significance of 
Cultivar 
ropujLation 
Mutant Check 
F-ratio of 
mean squares 
Com Belt 
Burnett 24.75 8, .65 ** 
Clintland 12.53 5. ,60 ** 
Garland 19.31 4. 76 ** 
Goodfield 32.59 3. ,21 ** 
Marion 30.06 2, .78 «* 
O'Brien 24.82 3. ,62 «* 
Orbit 17.29 8. ,67 ** 
Richland 19.06 2. ,48 ** 
Tippecanoe 27.35 9. ,38 ** 
Average 23.08 5. 46 ** 
Non Com Belt 
Bacata 48.17 10. 62 ** 
Bingham 21.13 13. 32 ns 
Colombia 5.90 1. 96 ** 
Curt 15.31 6. 73 ** 
Victorgrain 45.37 7. 86 
Average 27.18 8. 10 ** 
Non hexaploid 
Precoz 5.30 1. 73 ** 
Saia 37.19 9. 94 * 
were significant at the 1^ level for all 16 cultivars. Fur­
thermore, the mean square among lines within the mutant popu­
lation was significantly larger than that among lines with 
the check population for all cultivars except Bingham 
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(Table 5, last column). Therefore, significant variation for 
grain yield, over and above the already present significant 
within-cultivar variation, was created by seed treatment with 
EMS in 15 cultivars. 
Note that the mutagen effect was present for all oat 
cultivars regardless of whether they were of Com Belt or 
non Com Belt origin, or whether they were hexaploid or non 
hexaploid. 
Magnitude of the mutational effect 
The magnitudes of the mutational effect were evaluated 
through genotypic components of variance for yield within 
check and mutant populations of a cultivar (i.e., and 
ag(m)^t respectively in Table 3 ) ,  The genotypic components 
of variance for all populations, calculated according to the 
ACV model in Table 3» are presented in Table 5» The geno­
typic variance was increased significantly by the mutagen 
treatment for 15 cultivars. 
The inherent genotypic components of variance for yield 
were not uniform among cultivars. They ranged from 1.7 in 
the tetraploid Precoz to 13*3 in Bingham, which indicates that 
the cultivars had very different natural genotypic hetero­
geneity for grain yield. The mutagen treatment increased 
genotypic variances so they ranged between 5*3 and 48.7 in 
the mutant populations. Overall, the mean increase was four­
fold. 
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The expansions in genotypic variances from mutagen treat­
ments did not follow a trend among cultivars. In some in­
stances, a cultivar had a small genotypic variance in the check 
population and also a low genotypic variance in the mutant 
population (e.g., Colombia with variances of 2.0 and 5*9 for 
check and mutant populations, respectively, and Precoz with 
variances of 1.7 and 5»3f respectively). In other cultivars, 
low genotypic variances for the check were accompanied by high 
variances for the mutant population (e.g., Marion, Goodfield, 
and Richland cultivars). Also, there were instances in which 
both genotypic variance for the check and mutant populations 
were high (e.g., Baca ta with 10.6 and 48.2, respectively; 
Victorgrain with 7.9 and 4^.4, respectively; and Tippecanoe 
with 9.4 and 27«4, respectively). 
The only cultivar for which the mutagen did not sig­
nificantly increase genetic variability for yield was Bing­
ham, for which the increase was 1.5 times. In general, there 
was less increase in genetic variability for yield for non 
Com Belt cultivars (average ratio - 3.6) than for Com Belt 
cultivars (average ratio - 4.2). For Precoz, the tetraploid 
cultivar, the increase was threefold and for Saia, the diploid 
cultivar, the increase was fourfold. These values are within 
the range for all cultivars, which indicates that the ploidy 
level was not a factor relative to induction of genetic 
variability for the grain yield in oats. 
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Direction of the mutant effect 
The means for grain yield for check and mutant populations 
of the 16 oat cultlvars are presented in Table 6. For all 
cultivars, the mutant population mean yield was smaller than 
that of its respective check population. Furthermore, the 
yield reduction caused by mutagen treatment was significant 
for all cultivars except Colombia. The reductions ranged from 
1.5 percent for Bingheun to 38.6 percent for Sala. Among Com 
Belt ciiltivars, mean grain yield reduction ranged from 5»0 
percent for Orbit to 28.5 percent for Goodfield. Among non 
Com Belt cultivars, the reductions ranged from I.5 for Bingham 
to 16.3 for Curt and for Precoz (tetraploid) and Sala (diploid) 
the reductions were 5»7 and 38.6 percent, respectively. 
Of course, the general depressing effect that the mutagen 
treatment had on grain yield means of the mutant populations is 
significant information, but for yield improvement in oats, of 
more significance are the distributions of the yields of the 
mutants. Even with a depressed mean yield, individual mutant 
lines could transcend the yields of check lines positively. 
Selection and propagation of such high yielding mutant lines 
would provide yield improvement from mutation breeding in 
spite of a general depressing effect of induced mutations. 
My experiment was assigned with equal number of check and 
mutant lines for each cultivar and I have assumed that a 
mutant line, in order to be classified as higher yielding due 
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Table 6, Means of grain yield for the check and mutant popu­
lations for 16 oat cultivars 
Yield 
E2E2iâ$lffi 
Cultivar Mutant Check check 
Com Belt 
Burnett 31,8 36.8 13.6 
Clintland 31.5 33.4 5.7 
Garland 32.8 35.4 7.3 
Goodfield 21.7 30.4 28.5 
Marlon 31.4 37.8 16.8 
O'Brien 25.5 33.5 24.0 
Orbit 29.3 30.9 5.0 
Richland 32.3 36.0 10.2 
Tippecanoe 22.2 30.9 28.0 
X 28.7 33.9 15.2 
Non Com Belt 
Baca ta 22.3 26.4 15.5 
Bingham 40.5 41.1 I.5 
Colombia 19.4 19.8 2.3 
Curt 19.1 22.9 16.3 
Victorgrain 38.3 43.0 10.9 
X 27.9 30.6 8.8 
Non hexaploids 
Precoz 15,9 16.9 5.7 
Saia 17.9 29.2 38.6 
to induced mutations, must have a mean yield greater than any 
check line. To make this kind of analysis, I have super­
imposed the frequency distributions of the yields of lines 
from the check and mutant populations for each cultivar 
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(Fip:ures 1 through 16), 
The most obvious feature of all l6 frequency distribu­
tions is the complete unidirectional nature of the induced 
variations for grain yield. The single exception was >>ne 
line from Bacata that yielded ^2 g per plot whereas the high­
est check line yielded only 36 g (Figure 10), In contrast, 
many mutant lines yielded less than the poorest check lines. 
In some instances, e.g., Goodfield, Marion, O'Brien and 
Tippecanoe (Figures 5f 6 and 9), half or more of the mutant 
lines yielded less than their poorest respective check lines 
and a large share of the mutant lines were below the check 
population means. For other cultivars, the two frequency dis­
tributions covered nearly identical ranges, e.g., Clintland, 
Orbit, Bingham and Colombia (Figures 2, ?, 11 and 12). With 5 
cultivars (namely. Orbit, Bingham, Colombia, Curt and Victor-
grain) the best yielding line(s) in the mutant and the best 
yielding line(s) in the check population were equal. Accord­
ing to my criteria of evaluation, these mutant lines were not 
classed as progressive mutant lines even though they may have 
been significantly higher yielding than the check population 
mean. 
Obviously, my data do not provide encouraging evidence 
for improving grain yield of oats per se via mutation breed­
ing. In 15 of the 16 cultivars, treatment with EKS signifi­
cantly increased the genotypic variation for yield. However, 
in 15 of 16 cultivars also, the mean yield of the mutant 
Figure 1. Frequency distributions of grain yields of mutant 
and check lines derived from Burnett cultivar of 
oats 
Figure 2. Frequency distributions of grain yields of mutant 
and check lines derived from Clintland cultivar 
of oats 
Figure 3, Frequency distributions of grain yields of mutant 
and check lines derived from Garland cultivar of 
oats 
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Figure 5. Frequency distributions of grain yields of mutant 
and check lines derived from Marlon cultivar of 
oats 
Figure 6. Frequency distributions of grain yields of mutant 
and check lines derived from O'Brien cultivar of 
oats 
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and check lines derived from Orbit cultivar of 
oats 
Figure 8, Frequency distributions of grain yields of mutant 
and check lines derived from Richland cultivar of 
oats 
Figure 9» Frequency distributions 
and check lines derived 
of oats 
of grain yields of mutant 
from Tippecanoe cultivar 
2613 
CHECKS 
MUTANTS r 
33 39 27 21 
90 
CHECKS 
MUTANTS 
40 
S 90 
w 20 
21 33 39 45 27 
90 
CHECKS 
MUTANTS z 20 
42 90 24 3S 
GRAMS PER PLOT 
Figure 10. Frequency distributions for grain yields of mutant 
and check lines derived from Bacata cultivar of 
oats 
Figure 11. Frequency distributions for grain yields of mutant 
and check lines derived from Bingham cultivar of 
oats 
Figure 12. Frequency distributions for grain yields of mutant 
and check lines derived from Colombia cultivar of 
oats 
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Figure I3, Frequency distributions for grain yields of mutant 
and check lines derived from Curt cultivar of oats 
Figure 14. Frequency distributions for grain yields of mutant 
and check lines derived from Victorgrain cultivar 
of oats 
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Figure 15, Frequency distributions for grain yields of mutant 
and check lines derived from tetraploid Precoz 
cultivar of oats 
Figure I6, Frequency distributions for grain yields of mutant 
and check lines derived from diploid Saia cultivar 
of oats 
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population was significantly lower than the corresponding 
check mean. And furthermore, only one mutant lin> (in Bacata) 
out of 1141 tested, transcended its highest yielding check 
counterpart. So generally, the improvement of yield of oats 
through induced micromutations from EMS treatment does not 
appear very promising. Of 161 actual yield mutations, only 
0.66 percent were positive (Table ?)• 
There appeared to be differential reactions of the oat 
cultivars to EMS treatment when judged by genotypic variances, 
mean yields and frequency distribution of the check and mutant 
populations among cultivars. This information is of academic 
interest, but of little pragmatic interest since only one 
mutant line was higher yielding than its check counterpart. 
100-Seed Weight 
Mean squares from the 100-seed weight analyses of 
variance for the 16 oat cultivars are presented in Table 8. 
The mean squares for "checks vs. mutant populations" was sig­
nificant at the level for 7 hexaploid cultivars and at the 
5^ level for one. For the non hexaploid cultivars, the mean 
squares both were significant at the level. For lines 
within check populations, the mean squares were significant 
for 9 cultivars, and for the lines within mutant populations, 
the mean squares were significant at the level for all 
cultivars. The variation within the mutant population was 
larger thsm in the corresponding check population for all 
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Table 7, Numbers and percentages of mutant lines with 
grain yield less or greater than the lowest and 
, highest check lines, respectively 
Cultivar 
Minus Plus Total 
No % No. % No 
Com Belt 
Burnett 0 0,0 0 0 0 0.0 
Clintland 5 5.9 0 0 5 5.9 
Garland 6 6.0 0 0 6 6.0 
Goodfield 43 58.1 0 0 43 58.1 
Marion 15 25.0 0 0 15 25.0 
O'Brien 19 38.8 0 0 19 38.0 
Orbit 1 1.2 0 0 1 1.2 
Richland 17 17.0 0 0 17 17.0 
Tippecanoe 19 29.7 0 0 19 29.7 
Non Com Belt 
Bacata 5 16.1 1 3.2 6 19.3 
Bingham 1 1.9 0 0.0 1 1.9 
Colombia 2 2.0 0 0,0 2 2.0 
Curt 0 0.0 0 0.0 0 0.0 
Victorgrain 8 8.0 0 0.0 8 0.0 
Non hexaploid 
Precoz 9 12.0 0 0.0 9 12.0 
Saia 10 43.5 0 0.0 0 43,5 
Total 160 14.0 1 0,08 l6l 14,1 
cultivars except Garland and Orbit. Furthermore, in cultivars 
Garland, Orbit, Tippecanoe, Bacata and Colombia, the induced 
variation was not significantly larger than the variation 
among check lines (Table 9), 
Table 8, Mean squares from the analyses of variance for 100-seed weight of 16 oat 
cultivars 
Within populations 
Cultlvar 
Check vs. mutant 
populations®" 
Mean squares 
Checks Mutants 
Degrees of 
freedom 
Mean 
squares 
Degrees of 
freedom 
Mean 
squares 
Com Belt 
Burnett 0,01 99 0,02 9? 0.07** 
CIintland 0.00 84 0,01 84 0,03** 
Garland 0,00 99 0.05** 99 0,05** 
Goodfield 0.22** 73 0,01 73 0,05** 
Marlon 0,13** 59 0,02 59 0,11** 
O'Brien 0.22** 48 0.08** 48 0,14** 
Orbit 0,25** 84 0.08** 84 0,08** 
Richland 0.05** 99 0.01 99 0.03** 
Tippecanoe 0,47** 63 0.13*# 63 0,14** 
Non Corn Belt 
Bacata 0,04 30 0.14** 30 0.21** 
Bingham 0.09 25 0.02 25 0,22** 
Colombia 0.00 99 0.04** 99 0.05** 
Curt 0.01 68 0.03* 68 0.12** 
Victorgrain 0.31** 99 0.04** 99 0.07** 
Non hexaploid 
Precoz 0.10** 74 0,03** 74 0.04** 
Saia 0.16** 22 0,01 22 0,03** 
®One degree of freedom in each cultivar. 
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Table 9* Genotyplc components of variances for 100-seed 
weight from mutant and check populations for 16 
oat cultivars and the level of significance of the 
P ratio for mutant mean square divided by check 
mean square 
Cultivar 
Population 
Mutant Check 
Significance of 
F-ratio of 
mean squares 
Com Belt 
Burnett 0.018 0.0012 ** 
Clintland 0.003 -0.0003 ** 
Garland 0.016 0.014 ns 
Goodfield 0.013 0.0003 ** 
Marion 0.030 0.001 «• 
O'Brien 0.041 0.022 * 
Orbit 0.021 0.019 ns 
Richland 0.008 0.0006 « 
Tippecanoe 0.041 0.038 ns 
Non Com Belt 
Bacata 0.050 0.029 ns 
Bingham 0.065 -0.003 ** 
Colombia 0.013 0.008 ns 
Curt 0.030 0.003 ** 
Victorgrain 0.018 0.007 ** 
Non hexaploids 
Precoz 
Saia 
0.011 
0.006 
0.006 
-0.001 
* 
*« 
Direction of the mutant effect 
The means for 100-seed weight for check and mutant popula­
tions of the 16 oat cultivars are presented in Table 10. Six 
cultivars had reduced means due to mutagen treatment, two, 
Clintland and Garland» had identical means in check and mutant 
populations, and Marlon had an increased mean# In the non 
14 
Table 10. Means of 100-seed weights for the check and mutant 
populations for 16 oat cultivars 
Cultivar 
Population 
Mutant Check 
Change in mean 
as % of 
check mean 
Corn Belt 
Rume tt 3.65 3.66 99.7 
Clintland 3.09 3.09 100.0 
Garland 3.28 3.28 100.0 
Goodfield 2.90 2.94 98.6 
Marion 3.18 3.15 100.9 
O'Brien 3.27 3.32 98.5 
Orbit 4.00 4.05 98.8 
Richland 2.45 2.47 99.2 
Tippecanoe 3.04 3.11 97.7 
Non Com Belt 
Bacata 3.95 3.92 100.8 
Binpcham 3.00 3.05 98.4 
Colombia 3.06 3.07 99.7 
Curt 4.12 4.13 99.7 
Victorgrain 3.53 3.57 98.9 
Non hexaploid 
Precoz 2.38 2.41 98.7 
Saia 2.00 2.07 96.6 
Com Belt group, Baca ta cultivar had an increased mean 100-
seed weight, whereas all other cultivars in this group and 
the non hexaploid cultivars had reduced means. Nine of the 
shifts in mean 100—seed weight due to the mutagen treatment 
were significant. Generally, there was no uniformity among 
cultivars for changes in the means of 100-seed weight or in­
duced genotypic variances due to mutagen treatment. The 
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frequency distributions of 100-seed weights for the mutant 
and check lines can be observed in Figures 17 to 32 for the 
l6 cultivars. 
To provide a basis for comparing oat cultivars with re­
spect to frequencies of lines that were mutant for 100-seed 
weight, I classed my mutant lines that were below or above 
the lowest or highest check line, respectively, as "real" 
mutants. The numbers and percentages of negative (minus), 
positive (plus), and total "real" mutants are given in Table 
11. Fifteen of the 16 cultivars produced 1 or more real minus 
mutants whereas 12 produced 1 or more real plus mutants. The 
total number of real mutants for 100-seed weight was 124 or 
about 11^ of the total mutant lines tested. The distribution 
to minus and plus was 85 and 39» respectively. 
Even though the number of minus mutants was twice as 
large as the number of plus ones, the distribution was very 
different from that for grain yield. Eleven cultivars, 
Burnett, Clintland, Goodfield, Marion, O'Brien, Richland, 
Bacata, Bingham, Colombia, Curt, Precoz and Saia, had positive 
and negative real mutants for 100-seed weight. 
The highest percentage of real mutants occurred in the 
diploid Saia, 43*8^, but the hezaploid Goodfield with 21.6#, 
O'Brien with 18.3#, Bingham with 15.3#» Curt with 14.1#, and 
the tetraploid Precoz with 17.4# were also above average, 
Cultivars with the lowest percentages of real mutants were 
Orbit with 1.0#, Victorgrain with 1.0#, and Garland with 3.0#. 
Figure 17• Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Burnett 
cultivar of oats 
Figure 18. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Clint-
land culti-Var of oats 
Figure 19. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Garland 
cultivar of oats 
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Figure 20. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Goodfield 
cultivar of oats 
Figure 21. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Marion 
cultivar of oats 
Figure 22. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from O'Brien 
cultivar of oats 
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Figure 23» Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Orbit 
cultivar of oats 
Figure 24. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Blchland 
cultivar of oats 
Figure 25i Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Tippe­
canoe cultivar of oats 
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Figure 26. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Bacata 
cultivar of oats 
Figure 27. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Bingham 
cultivar of oats 
Figure 28, Frequency distributions of weights per 100-seeds 
mutant and check lines derived from Colombia 
cultivar of oats 
FREQUENCY 
Gi 
JO 
> 
S 
TT 
m 
JO 
§ 
N 
5 (/> 
FREQUENCY FREQUENCY 
~r 
1» 
K 
S 
w 
S 
n 
0 
1 
f" 
o 
o* 
Figure 29• Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from Curt 
cultivar of oats 
Figure 30. Frequency distributions of weights per 100-seeds 
f'.r mutant and check lines derived from Victor-
- ; iln cultivar of oats 
Figure 31. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from tetra-
plold Precoz cultivar of oats 
Figure 32. Frequency distributions of weights per 100-seeds 
for mutant and check lines derived from diploid 
Sala cultivar of oats 
>-
M 
I 
-Ih 
3.6 
CHECKS 
MUTANTS 
>• — 
4j0 42 4.4 4.6 
CHECKS 
MUTANT  ^
>• 
o 
ui 
MUTANTS 
GRAMS PER 100 SEEDS 
42 
Table 11, Numbers and percentages of mutant lines with 100-
seed weight less or greater than the lowest and 
highest check lines, respectively 
Minus Plus Total 
Cultivar No, % No. % No. % 
Com Belt 
Burnett 14 14.0 5 5.0 19 19.0 
Clintland 2 2.3 5 5.9 7 8.2 
Garland 3 3.0 0 0.0 3 3.0 
Goodfield 10 13.5 6 8.1 16 21.6 
Marion 2 3.3 6 10.0 8 13.3 
O'Brien 8 16.3 1 2.0 9 18.3 
Orbit 1 1.0 0 0.0 1 1.0 
Richland 7 7.0 2 2,0 9 9.0 
Tippecanoe 3 4.7 0 0.0 3 4.7 
Non Com Belt 
Bacata 0 0.0 2 6.4 2 6.4 
Bingham 6 11.5 2 3.8 8 15.3 
Colombia 4 4.0 2 2.0 6 6.0 
Curt 5 7.2 5 7.2 10 14.4 
Victorgrain 1 1.0 0 0.0 1 1.0 
Non hexaploid 
Precoz 11 14,7 2 2.7 13 17.4 
Saia 8 34.8 1 9.0 9 43.8 
Total • 85 71.4 39 3.2 124 10.9 
In mutant populations of certain cultivars, it would be 
possible to substantially improve the 100-seed weight char­
acter, e.g., in Burnett, Goodfield, Marion, and Curt (Figures 
17, 20, 21 and 29). 
The 100-seed weight character in oats differs, in general, 
from that of grain yield in that it has a higher degree of 
^3 
fixation and in that it has a completely different type of 
response to mutagen treatment. 
Heading Date 
The mean squares from the analyses of variance for heading 
dates of the 16 oat cultivars are presented in Table 12, The 
mean squares for the "check vs. mutant populations" were sig­
nificant at the level for six cultivars of the Com Belt 
group and two for the non Com Belt group, Bingham and 
Colombia showed significance at the 5^ level. There was no 
significance between population means for Clintland, Orbit, 
Tippecanoe, Curt, Precoz, and Sala. The mean squares for 
"lines within check population" were nonsignificant for Clint-
land, Goodfield, Marion, Richland, Curt, Precoz, and Sala 
which indicates that these cultivars were homogeneous for 
heading date. Of the remaining cultivars, three had signifi­
cant mean squares at the 5^ level and six at the 1^ level, 
indicating they were genetically heterogeneous for heading 
date. The mean squares for "lines within mutant population" 
for Clintland and Saia were nonsignificant, which shows that 
the mutagen treatment did not induce genetic variability for 
heading date in these cultivars. Tippecanoe was bizarre in 
that the check population contained significant variation for 
heading date, but the mutant population did not. The varia­
bilities in all other mutant populations were larger than in 
the respective check populations; therefore, the EMS did 
Table 12. Mean squares from the analyses of variance for heading date for 16 oat 
cultlvars 
Within populations 
Check vst mutant Checks Mutants 
— Degrees of Mean Degrees of Mean 
Cultlvar Mean squares freedom squares freedom squares 
Com Belt 
Burnett 14.42** 9? 2.90** 99 4.42** 
Cllntland 3.01 84 2.31 84 2.22 
Garland 34.21** 99 2.47** 99 4.24** 
Goodfleld 12.57** 73 0.66 73 2.23** 
Marlon 31.54** 59 1.72 59 2.97** 
O'Brien 35.15** 48 2.05* 48 3.92** 
Orbit 0.01 84 3.06** 84 4.00** 
Richland 98.07** 99 1.24 99 3.25** 
Tippecanoe 22.56 63 3.09** 63 1.78 
Non Com Belt 
Baca ta 31.00** 30 4.59* 30 5.39** 
Bingham 3.92* 25 1.12* 25 3.00** 
Colombia 5.29* 99 2.00** 99 2.12** 
Curt 0.18 68 0.31 68 0.55** 
Vlctorgraln 39.05** 99 3.24** 99 5.00** 
Non hexaplold 
Precoz 0.96 74 1.74 74 2.32* 
Sala 0.27 22 0.48 22 0.76 
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generate new variability in 13 of 16 cultivars. However, the 
genetic variation was increased significantly by the mutagen 
in only 9 cultivars (Table 13). 
Magnitude of the genetic effect 
The genotypic variances for heading date in the check 
populations ranged from -O.IO6 for Saia to 1,10 for Bacata 
(Table 13) and in the mutant populations they ranged from 0.03 
to 1.55* Overall, the mean increase in variance from mutagen 
treatment was twofold. Of the three traits I studied, heading 
date was the least affected by the mutagen treatment. It is 
not possible to conclude whether the ploidy level had any re­
lationship to induction of mutations for heading date. 
Direction of the mutant effect 
The mean heading dates for check and mutant populations 
of the 16 oat cultivars are presented in Table 14. For 14 
cultivars, the mean of the mutant population was later than 
the corresponding check means and' 10 of these mean shifts were 
significant, eight at the \% level and two at the 5^ level. 
So, the general effect of the mutagen was to produce mutations 
for lateness. Over all cultivars, the mutant lines averaged 
0,43 days later than the check lines. 
Two cultivars, Colombia and Bacata, were very early, 11 
were medium in earliness, and 3 were late. However, mutations 
in all of them tended toward lateness. The frequency distri­
butions for heading dates for lines in mutant and check 
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Table 13* Genotypic components of variances for heading date 
from mutant and check populations for 16 oat culti­
vars and the level of significance of the F ratio 
for mutant mean square divided by check mean square 
Population Significance of 
F-ratio of 
Cultivar Mutant Check mean squares 
Corn Belt 
Burnett 1.359 0.602 * 
Clintland 0.225 0.270 ns 
Garland 1.500 0.620 ** 
Goodfield 0.799 0.010 ** 
Marion 0.722 0.097 * 
O'Brien 1.318 0.383 « 
Orbit 1.482 1.011 ns 
Richland 1.095 0.081 ** 
Tippecanoe 0.300 0.040 ns 
Non Com Belt 
Bacata 1.503 1.103 ns 
Bingham 1.214 0.272 ** 
Colombia 0.400 0.342 ns 
Curt 0.144 0.025 ** 
Victorgrain 1.554 0.672 * 
Non hezaploid 
Precoz 0.388 0,099 ns 
Saia 0.031 •0.106 ns 
populations of the 16 cultivars (Figures 33 to 48) show that 
only Garland, Orbit, Bingham, and Victorgrain produced bi­
directional mutations but there were more late than early 
mutants in those cultivars also. For Precoz and Saia, mutant 
lines were earlier and for the remainder of the cultivars 
the deviant lines were all later. 
47 
Table 14. Means in days after June 1 of heading dates for the 
check and mutant populations for 16 oat cultivars 
Population Change^in mean 
^ as % of 
Cultivar Mutant Check check mean 
Com Belt 
Burnett 11.8 11.4 103.5 
Cllntland 13.2 13.0 101.5 
Garland 12.4 11.9 104.2 
Goodfield 11.3 10.9 103.7 
Marion 13.7 13.0 105.4 
O'Brien 12.8 11.9 107.6 
Orbit 15.0 15.0 100.0 
Richland 13.9 12.9 107.7 
Tippecanoe 11.7 11.1 105.4 
Non Com Belt 
Baca ta 7.4 6.4 115.6 
Bingham 21.7 21.3 101.9 
Colombia 4.9 4.6 106.5 
Curt 14.9 14.9 100.0 
Victorgrain 20.7 20.1 103.0 
Non hexaploid 
Precoz 11.7 11.6 100.9 
Gala 24.8 24.9 99.6 
Of the 3 traits, heading date had the smaller number of 
"real" mutations, i.e., 56 or 5^ of the total population of 
mutant lines studied, against 124 or 11^ for seed weight, and 
161 or 14)K for grain yield (Table I5). 
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Table I5. Nxombers and percentages of mutant lines with 
heading date less or greater than the earliest 
or latest check lines, respectively 
Minus Plus Total 
Cultivar No. % No. % No, % 
Com Belt 
Burnett 0 0,0 10 10.0 10 10.0 
Clintland 0 0.0 2 2.3 2 2.3 
Garland 2 2.0 3 3.0 5 5.0 
GoodfieXd 0 0.0 5 6.7 5 6.7 
Marion 0 0.0 0 0.0 0 0.0 
O'Brien 0 0.0 3 6.2 3 6.2 
Orbit 2 2.4 2 2.4 4 4.8 
Richland 0 0.0 4 4.0 4 4.0 
Tippecanoe 0 0.0 3 4.8 3 4.8 
Non Com Belt 
Bacata 0 0.0 2 6.4 2 6.4 
Bingham 1 0,4 4 15.4 5 16.4 
Colombia 0 OoO 5 5.0 5 5.0 
Curt 0 0.0 3 4.3 3 4.3 
Victorgrain 1 1.0 1 1.0 2 2.0 
Non hexaploid 
Precoz 1 1.3 0 0.0 1 1.3 
Saia 2 8.7 0 0.0 2 8.7 
Total 9 0.8 47 4.1 56 4.9 
Figure 33* Frequency distributions of heading dates of mutant 
and check lines from Burnett cultivar of oats 
Figure 34. Frequency distributions of heading dates of mutant 
and check lines from Clintland cultivar of oats 
Figure 35* Frequency distributions of heading dates of mutant 
and check lines from Garland cultivar of oats 
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Figure 36. Frequency distributions of heading dates of mutant 
and check lines from Goodfield cultivar of oats 
Figure 37* Frequency distributions of heading dates of mutant 
and check lines from Marion cultivar of oats 
Figure 38. Frequency distributions of heading dates of mutant 
and check lines from O'Brien cultivar of oats 
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Figure 39» Frequency distributions of heading dates of mutant 
and check lines from Orbit cultivar of oats 
Figure 40. Frequency distributions of heading dates of mutant 
and check lines from Richland cultivar of oats 
Figure 41. Frequency distributions of heading dates of mutant 
and check lines from Tippecanoe cultivar of oats 
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Figure 42, Frequency distributions of heading dates of mutant 
and check lines from Baca ta cultivar of oats 
Figure 43, Frequency distri"butions of heading dates of mutant 
and check lines from Bingham cultivar of oats 
Figure 44, Frequency distributions of heading dates of mutant 
and check lines from Colombia cultivar of oats 
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Figure 45. Frequency distriTautions of heading dates of mutant 
and check lines from Curt cultivar of oats 
Figure 46. Frequency distributions of heading dates of mutant 
and check lines from Victorgrain cultivar of oats 
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Flgtire 47. Frequency distributions of heading dates of mutant 
and check lines from tetraploid Precoz cultivar of 
oats 
Figure 48. Frequency distributions of heading dates of mutant 
and check lines from diploid Saia cultivar of oats 
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Decree of Association of Mutations 
for the Three Characters Studied 
The degrees of association for grain yield with 100-
seed weight, and grain yield with heading date were evaluated 
via phenotypic and genetic correlations in mutant and check 
populations. The phenotypic correlation for grain yield 
with 100-seed weight were small for all cultivars in both 
types of populations, ranging from -0.28 to 0,46 (Table 16). 
Only four were significant, three in the mutant and. one in the 
check populations and 12 were negative. In general, the 
associations between grain yield and heading date were so small 
and inconsistent that they are of no practical utility. The 
genetic correlations also tended to be small and sporadic. 
The mutations induced for grain yield, according to my 
data, were independent of those induced for seed weight. 
The phenotypic and genetic correlations of grain yield 
with heading date for mutant and check populations are shown 
in Table I?. The rp^'s ranged from -0.43 to 0.23 and 22 of 
them were negative. Four mutant populations had rp^'s sig­
nificant at the level and one at the 5^ level; in the check 
population, three were significant at the level and one at 
the 5^ level. The significant r coefficients are so small that 
they are of no practical implication. The r 's were larger 
than the comparable Tp^'s for both check and mutant popula­
tions. 
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Table l6, Phenotypic and genotypic correlations for grain 
yield with 100-seed weight for mutant and check 
populations in 16 oat cultivars 
Phenotypic Genotypic 
Cultivar Mutant Check Mutant Check 
Burnett -0.09 -0.28** —0.06 -0.47 
Clintland -0.09 —0.03 -0.01 -0.87 
Garland 0.15 0.12 0.62 2.00 
Goodfield 0.12 -0.04 0.12 -0.19 
Marion —0.10 -0.09 -0.15 -0.56 
O'Brien 0.11 0.25 0.13.- 0.99 
Orbit 0.22* 0.03 0.31 0.11 
Richland 0.02 -0.07 0,03 -0.30 
Tippecanoe 0.46** 0.15 0,54 0.26 
Bacata 0.11 0.02 0.13 —0.01 
Bingham —0.06 -0.23 -0.12 0.45 
Colombia -0.02 -0.03 0.89 -0.31 
Curt 0.18 0.18 0.26 1.03 
Victorgrain 0.25 0.16 0.29 0.59 
Precoz 0.36** 0.16 0.58 0.26 
Saia 0.26 0.39 0.11 1.45 
My results indicate that grain yield and heading date 
were not correlated in either check or mutant populations. 
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Table I7. Phenotypic and genotypic correlations for grain 
yield with heading date for mutant and check 
populations in 16 oat cultivars 
Phenotypic Genotypic 
Cultivar Mutant Check Mutant Check 
Burnett -0.07 -0.13 0.15 0.25 
Clintland —0,06 -0.33** 0.87 -0.79 
Garland 0.23* -0.12 0.43 0.37 
Goodfield -0.39** 0.01 -0.48 2.53 
Marion -0.07 -0.20 -0.10 -1.37 
O'Brien -0.22 -0.20 -0.21 0.97 
Orbit 0.03 -0.02 0.13 0.21 
Richland -0.31** -0.22* -0.39 0.17 
Tippecanoe 0.05 0.13 0.27 0.19 
Bacata 0.01 -0.09 0.27 0.01 
Bingham 0.02 -0.43** 0.37 —0.85 
Colombia -0.28** -0.17 -0.08 0.01 
Curt -0.04 -0.07 —0ol4 -0.22 
Victorgrain 0.33** 0.05 0.28 -0.08 
Precoz 0.03 -0.37** 0.15 -1.88 
Saia -0.29 -0.35 —2.65 1.70 
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DISCUSSION 
The improvement in yielding capacity per se of oats via 
plant breeding has been a mere 14^, according to Browning et 
al. (1964). This small increment of improvement may have been 
due to a very limited available genetic variability for 
quantitative traits in this genus (Frey, I968), Theoretically, 
induced micromutations for yield would be a simple method for 
expanding the genetic variation for this trait in oats. Fol­
lowing the discussions by Gaul (I965, I969), my study was 
intended to provide evidence on whether micromutations could 
be induced and utilized for improvement of yield in hexaplold 
oats. 
Even though a number of researchers have reported im­
proved seed yields in several species via mutation breeding, 
Frey and his colleagues (unpublished data) have had universally 
negative results in trying to improve grain yields of oats via 
this breeding method. However, they have used a very limited 
spectrum of genotypes as source laaterials in their mutation 
breeding work. Therefore, my study included oat cultivars 
that had extremely different genetic backgrounds, so I could 
investigate whether genotype treated with a mutagen had a 
bearing on the induction of micromutants for improved grain 
yield. 
Overall, the EMS treatment I applied to the oat seeds 
increased the genotypic variances for grain yield fourfold. 
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and for individual cultivars, the increase ranged from twofold 
to sevenfold. Obviously, the mutagen treatment was effective 
for inducing genotypic variation for this trait. However, for 
successful use in improving crop cultivars, available variation 
is not sufficient; some of the variants must occur in a direc­
tion in which improvement is sought. Taken as a group, check 
lines in the nine Com Belt cultivars yielded between 30.4 and 
37.8 g/plot, whereas mutant lines from the same cultivars 
yielded between 21.7 and 32.8 g/plot. Yields of individual 
check and mutant lines were acceptable, but no mutant line in 
any of the nine cultivars yielded more than the best yielding 
check line in its respective parent cultivar. In five non 
Com. Belt cultivars, three with low-yield capacity (about 20 
g/plot) and two with high-yield capacity (over 40 g/plot), 
only one mutsuit line yielded better than the best comparable 
check line. Finally, in the low yielding tetraploid cultivar 
and medium yielding diploid cultivar, no mutant lines with 
better yield were found. Thus, only one mutant line among ll4l 
tested had superior yield. This represents a frequency of 
only 0.0009. This one superior yielding mutant was 11.66# 
better than the best check line of its parent cultivar. Since 
there were several cultivars in which some of their normal 
lines outyielded such mutants, it cannot be considered as for 
practical purposes. 
In summary; 
1. The induced genotypic variability for yield was in­
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creased in all oat cultivars, whether they were low, 
medium, or high In yielding capacity in the Iowa 
environment. 
2. The induced genotyplc variability, for all practical 
purposes, was unidirectional toward lower grain 
yielding capacity. 
The method I used to detect progressive grain yield 
mutant lines was more stringent than that used by most re­
searchers. Commonly, such an experiment includes a small 
number of check lines and a large number of mutant lines, and 
a mutant line that exceeds the check mean, perhaps by a stsm-
dard unit or perhaps not, is classed as .a progressive muta­
tion. I used equal numbers of lines from check and mutant 
populations of a cultlvar and, to be classed as a "real" pro­
gressive mutation for yield, a mutant line had to exceed the 
best yielding check line. Hindsight has shown this experi­
mental procedure to be a wise one because several of the 
cultivars had significant Intracultivar genotyplc variation 
for yield. In such instances, use of the check mean to detect 
progressive mutations likely would have classed some check 
lines and some non mutated mutant lines as having signifi­
cantly progressive mutations. On the other hand, my procedure 
may have missed some progressive mutations for yield. Con­
ceivably, a progressive yield mutation that occurred in a 
"low-yielding" check line might not produce more grain than 
the highest yielding check line, and thus, it would not be 
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detected. Such a mutation would be of theoretical interest; 
however, it would be of no practical value in a direct se­
lection program. Of course, it might be valuable in an out­
crossing program where the progressive yield mutation would 
be introgressed into a new genotypic background. 
Certainly, the use of outcrossing tc release progressive 
yield mutations for selection should not be overlooked. MacKey 
(1956) first presented the idea of crossing mutants and non 
mutant lines to separate positive from negative mutations. 
Subsequently, Anderson et al. (i960) utilized an X-ray induced 
mutation for determinant growth habit found in a low yielding 
line of navy beans ( Phaseolus vulgaris L.) in a hybridization 
program that resulted in the highly productive Sanilac culti-
var. Emery et al. (1964) selected superior yielding lines of 
peanuts (Arachis hypogea L. ) from crosses of "macromutant" 
lines (from X-ray treatment) with check lines. Also, Hagberg 
and Persson (I968) reported that SV61718 and Kristina barley 
cultivars, both derived from crosses of mutant with non 
mutant lines, were from 4 to 8^ superior in yield to either 
parent line. With oats. Prey (1969) showed that induced pro­
gressive yield mutations could be released from outcrossing 
seemingly non mutated lines to the check. Several of the 
segregates from such crosses were superior to any segregate 
from crosses of check line x check line. Therefore, the next 
obvious experiment to be ccaiducted with my materials is to use 
them in an outcrossing experiment. 
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The combination of genes that controls yield must be very 
"finely timed" in a high yielding genotype and the chance that 
a random mutation will improve its genetic code is not likely. 
However, by intermixing Induced mutations with genes from a 
different genotype via outcrossing might result in a new 
genotypic combination that utilized the contribution from the 
mutation. Likely, isolated micromutations for a specific 
character are not produced; usually, several mutations will 
occur simultaneously in the same mutant line, MacKey (195^) 
illustrated this point when he showed that mutations for 
modifier genes and for genes with major effects often are 
produced simultaneously. 
The seemingly universal regressive mutations for yield 
cannot be explained easily. The mean reduction for all cul-
tivars was 1?#. Some researchers have postulated that 
sterility may be a major factor responsible for the general 
trend for negative yield mutations (Borojevic, 1965; Wellen-
s iëc, 1965; Gaul, I970). I did not evaluate the lines in my 
study for sterility, but it is unlikely that this trait was 
of much importance to my results. First, each of the oat 
lines I tested was derived from an Mg plant, and to have been 
used in the experiment, that M2 plant had to have produced 
150 or more seeds. Plants with significant sterility would 
not produce this quantity of seed, and, therefore, would not 
be included in the yield trial. 
Second, Gonzalez (1964) measured sterility in mutant and 
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check lines of diploid, tetraploid and hexaploid oats and 
foiind no significant differences for sterility in the two 
population types. 
Brock (1965) has composed a theory which might have some 
bearing on my results. He stated that the more highly a 
"fitness trait" is selected, the more likely it is that induced 
mutations for that trait will be regressive, i.e., they will 
cause negative shifts in the mean, greater asymmetry of the 
frequency distribution, and less opportunity for real progress 
from selection among them. If my results were to fit Brock's 
theory, positive mutations for yield would be expected most 
often in the oat cultivars most poorly adapted to Iowa, i.e., 
those with the lowest check yields. Of course, I found only 
one progressive mutation and that was in Bacata, an unadapted 
cultivar. To relate my data to Brock's theory, I correlated 
the differences between check and mutant means for cultivars 
to the check means. A positive correlation would be expected 
if my results agreed with Brock's idea. The correlation was 
0.16, so there is not an established trend supporting his 
theory. 
Brock (1965) states his theory in terms of "selection", 
whereas my relationship is based in terms of "adaptation". 
Whether selection and adaptation in this case are synonymous 
is open to argument. However, I would offer that the most 
important point to Brock's theory is not degree of selection, 
but rather genetic combinations which are reflected in level 
64 
of productiveness or performance of a genotype, A highly pro­
ductive genotype may not have been selected for the environ­
ment where it produces well, but to be highly productive in 
that environment it must have a "finely tuned" combination of 
genes for that environment. For a random mutation to improve 
such a genotype would be remote. Contrarywise, a random 
mutation might easily improve on a low productivity genotype. 
For these reasons, origin of a cultivar or whether it was 
selected in the Corn Belt would not be as important as its 
productivity in the Com Belt environment, for relating my 
data to Brock's theory. 
Quite In contrast to the unldirectlon of mutations for 
grain yield, mutations for 100-seed weight were bidirectional. 
This supports the results previously reported by Krull and 
Prey (I96I), Khadr and Prey (I965), Abrams and Prey (1964), 
and Joshi and Prey (I967). The bidirectional nature of In­
duced mutations for seed weight does not argue against 
Brock's theory, since this may not be a fitness trait. 
My results with mutations of grain yield in oats are not 
necessarily at variance with those found by Gaul (I965) for 
barley. In advanced generations, he isolated at least two 
high yielding mutants, but he used a different mutagen, 
X-rays. My oat seeds were treated with 0.12 M ethyl methane-
sulfonate for four hours, a treatment which would be considered 
quite severet EMS is a very effective mutagen (Wellenslek, 
1965; Scarascia et al., I96I), but it has not been sufficiently 
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tested to determine whether it produced only certain chan­
nels of mutations. Also, no results are available that relate 
EMS dosage and treatment time to production of progressive 
grain yield mutations. This is an area that merits further 
investigation. A most unexpected, but interesting, aspect of 
my study was the demonstration of significant yield variation 
among lines within check populations for all of the 16 culti-
vars studied. Pacucci (I969) and Gaul (I965) found similar 
results for oats and barley, respectively. This imposes some 
limitation on conclusions that can be drawn about induced 
variation for yield, but even more important is the potential 
it demonstrates for improving grain yield through intra-
cultivar selection. 
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SUMMARY 
Populations of oat lines derived from seeds that were 
treated or not treated with ethyl-methanesulfonate were 
evaluated to determine whether the mutagen treatment caused 
mutations that were suitable for direct yield improvement. 
The comparison was carried out with equal numbers of check and 
mutant lines for each of 16 cultivars, nine Com Belt, five 
non Com Belt, one tetraploid, and one diploid. The M2-
derived lines were generated from treatment with an 0.12M 
solution of EMS for four hours, and the check lines were 
bulks from individual plants of the cultivar. All M^-derived 
lines selected were normal in appearance, i.e., they were 
phenotypically similar to the check. The check and mutant 
populations from a cultivar were tested in the field in 1970 
in a randomized block experiment with five replicates. 
Traits measured were heading date, grain yield, and 100-seed 
weight. 
In general, the Mg-derlved lines were indistinguishable 
in phenotype from their respective check lines, so any devia­
tion of a mutant population line with respect to grain yield, 
heading date, or seed weight was considered due to expression 
of a micromutation for that trait. For a deviation of a trait 
to be considered due to an actual mutation, it had to have a 
higher or lower value than the highest or lowest value, re­
spectively, found in the check population. Using this method 
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of definition, there were l60 negative and 1 positive muta­
tions for grain yield among the 1141 mutant lines tested. The 
positive mutant-line yield was 11.6? percent higher than the 
highest line in its respective checks, but it was still con­
siderably lower than several of the highest yielding check 
lines from other cultivars. There were 32 positive and 78 
negative mutations for 100-seed weight and 48 positive and 11 
negative mutations for heading date. 
The genetic variabilities for grain yield in the 16 mutant 
populations were 2 to 10 times larger than those in the corre­
sponding check populations. However, simultaneously there was 
a 17 percent reduction in the overall yield mean of the mutant 
lines and 99*^ percent of actual mutations detected were 
toward reduction in yield. 
Two cultivars were very high in yield, 9 were high, 3 
were medium, and 2 were low. However, there was no correlation 
between the adaptiveness (measured as mean yield of the check 
populations) of a cultivar and the reduction in mean yield 
caused by the mutagen treatment. Positive micromutations for 
grain yield in oats, which could be used for direct selection 
to improve this trait, do not occur very frequently. 
All check populations showed significant genetic variation 
among lines for grain yield, which points out that these cul­
tivars were not homogenous for this trait. Seemingly, this 
variation could be utilized to improve yield by intracultivar 
selection. 
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The mutations for heading date and 100-seed weight 
were independent of mutations for grain yield. 
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